INTRODUCTION
The environmental quality of waterways is of ever-growing concern. One area of particular concern is the presence of organic chemical pollutants contained in waterways. A critical step in assessing these concerns revolves the accurate measurement of organic pollutant levels contained in water samples. These critical measurements rely on the laboratory analysis of discrete samples. Samples for water nalysis can be obtained via single point grab samples or composite samplers. nfortunately, these sampling strategies provide little more than historical information. In additi.on, they suffer from possible sample degradation and require labor-intensive sample preparation techmques and analysis procedures. A more desirable sampling strategy would involve the continuous or semicontinuous online analysis of water samples using fully automated equipment. The automated instrument can provide real-time detection of organic pollutant levels and ensure that a directed response can be initiated.
Unfortunately, reliable automated online instruments for the analysis of water samples have not been commercially available. It is the intention of this project to develop and refine an instrument that continuously analyzes water samples and reports the analysis results rapidly to ensure that corrective action can be taken. In addition, it is critical that this instrument deliver results at part per billion (ppb) level for many contaminants.
The instrument developed for this project will be used to sample and analyze water from Rowland Creek. The instrument, through a rapid analysis of samples from Rowland Creek, will provide information to control diversion gates leading to a retention pond. The system will enable Arnold AFB to monitor andkeep their discharges in compliance with NPDES permits.
The system developed for the study is based upon gas chromatography technology. This system involves the combination of two gas chromatographs (GC). The first instrument combines a gas/liquid sparger and a gas chromatograph. The sparger uses an inert gas, such as helium, to remove and concentrate volatile organic chemicals which are then sequentially analyzed using a gas chromatograph.
The second gas chromatographic instrument involves the analysis of nonvolatile water samples through direct injection of water. Using a specially designed injection valve, the direct injection system is rugged, but care must be taken to minimize the deposition of solids.
RESULTS AND DISCUSSION

SYSTEM FOR VOLATILE HYDROCARBONS
The system developed for the study is based upon gas chromatography technology. The system involves the combination of two gas chromatographs (GC). The first instrument combines a gas/liquid sparger and a gas chromatograph. The sparger uses an inert gas such as helium to remove and concentrate volatile organic chemicals which are then sequentially analyzed using a gas chromatograph. This GC is a Siemens SiCHROMAT 1-4 temperature-programmable instrument and requires a gas sample for analysis (settings [br this instrument are contained in Table 1 ). This AEDC-TR-92-8 gas sample contains the organic chemicals being analyzed and is delivered to the GC via the sparger shown schematically in Figs. I and 2. Figure 1 shows the path of water into the sparger system. This water sample is delivered to the sparger vessel via a ~ear pump (a description of the gear pump is contained in the Appendix) installed in the system. During the pumping process the sample is heatedto a constant temperature (55 °C). After the sample is delivered to the sparging vessel it overflows into a pressurization vessel which leads to a drain. Figure 2 shows the path of the inert (helium) sparger gas. The helium is delivered precisely to the sparger using a pressure regulator and a flow control valve. A rotometer isplaced in the gas flow path to monitor the rate of gas delivery. The helium is introduced into the spargingvessel through a glass frit. This frit disperses the gas into fine bubbles. These bubbles maximize the interaction of the gas and facilitate the removal of organic chemicals from the water column. The helium containing the volatile organic components is then passed through a loop contained in a gas in~ection valve. This valve is fitted into a heated compartment on top of the GC. The design of the valve allows the gas sample to continually flow, except during the in~ection period. During the injection period the gas contained in the sample loop is injected onto the GC for_analysis. The volume of the injected sample is fixed by the size of the loop contained in gas injection valve; in the case of the AEDC system this volume is I mL.
A schematic diagram of the analytical system contained in the gas chromatograph is shown in Fig. 3 . This diagram shows the configuration for the internal plumbing contained in the GC oven and is used to follow the sample flow and gas supplies through the GC oven• A flame ionization detector (FID) is used for the detection of pollutants. This analytical system relies on two types of technology for chemical component separation. The first type ofseparation technology involves open tubular capillary GC columns (Ref. 2). The interior surface walls of these columns are coated with a thin film (1-micron thickness) of polymer. The polymer coating acts to selectively retard the various chemical components that are passed through the capillary. The internal diameter of capillary tubing used to construct the GC columns is narrow_ (0.32 turn ID). The combination of the thin uniform polymer coating and the narrow diameter of the capillary GC columns enables the retarded components to travel through the column in tight time bands. These narrow bands allow the GC to separate numerous chemicals in a relatively short period of time• Many of these pollutants have similar molecular structure and physical properties.
The second type of separation technology involves the coupling of capillary columns. This technique is called "live" valveless column switching (Ref. 3) . The GC contains a device, the T-piece, that acts both as a capillary column and pressure coupler. This device enables the operation of the "live" valveless column switching ~ stem. Using this technology, capillary columns of different lengths, polymer film ickness, and polymer composition can be coupled together. This allows for the complete refinement of the separation. In the case of the Arnold AFB system the "live
alveless switching is usedto gain a complete separation of the components of interest in the shortest possible time. Using the valveless switch, trichlorofiuoromethane, methylene chloride, and 1,1 dichloroethane are separated only on the first column. The other components of interest are switched to the second column for their separation. In addition to column switching, the "T-piece" enables the backflushing of the first column to prevent the unwanted elution ofhigher boiling chemicals contained in materials such as JP-8. Table 2 contains a list of the volatile organic chemicals determined by the sparger system and GC. This table also contains the detection limit (DL) for each of the chemicals analyzed by the sparger system. Figure 4 shows a chromatogram of the Table 2 components separated. Each component shown in the chromatogram is at the 25-ppb level.
This chromatogram represents the "high resolution" scan for the water analyzer system. The total analysis time for the 'high resolution" scan is 25 rain, including the cooldown of the .GC oven. Fi.gure 5 shows a chroma.togram .of a 10-ppb particularly true at higher JP-4 levels; however, high lev~ r~ JP-4 will appear on direct injection GC, providing a flag for the sparger analysis. Chromatograms showing JP-4 interference on the sparger system were not produced for this study. Figure 6 shows a high-speed chromatogram ("low resolution" scan) for the components contained in Table 2 . Unfortunately, this chromatogram does not represent a separation of all the Table 2 components; however, this chromatogram is completed in 9.5 rain. The "low resolution" scan is a viable way of reducing the analysis time for the system. The conditions for this analysis are contained in Table  4 . The ultimate viability of the low-resolution scan will be determined when the instrument is installed and actually analyzes water from Rowland Ditch. This highspeed scan has a low resistance to interferences and may trigger a high number of false alarms. Fortunately, the instrument may be switched between low-and highresolution modes rapidly and easily through the manual input of computer software commands.
Figures 7 -9 are curves used to check the linearity for each component determined using the "high resolution" scan. These curves vary in concentration from 25 -100 ppb and display the high degree of accuracy possible using the sparger and GC technology. Unfortunately, a linearity check for trichlorofluoromethane was not performed because an accurate standard of this volatile chemical could not be made at our facility.
SYSTEM FOR NONVOLATILE COMPONENTS
The second gas chromatographic instrument involves the analysis of nonvolatile water samples through direct injection of water. Using a specially designed injection valve, the directinjection system is rugged, but care must be taken to minimize the deposition of solids.
AEDC-TR-92-8
A Siemens P-101 process type GC is employed in the AEDC s~stem for the analysis of nonvolatile components. A list of these components is contained in Table  5 . The nonvolatiles GC relies upon the analysis of water samples using a direct injection technique. Water is continually passed through a liquid injection valve and, at a preset time, the valve is triggered, causing the water to be vaporized and swept onto a capillary GC column for analysis. Figure 10 shows a diagram of the internal plumbing for the nonvolatile system. This diagram shows the configuration for the internal plumbing contained in the GC oven and is used to follow the sample flow and gas supplies through the GC oven. Table 6 contains the operating conditions for this system.
The nonvolatile GC will require extensive maintenance and materials because dissolved salts in the water will deposit/build up in the instrument, causing possible failure of the system. However, the direct injection technology is a viable procedure for the ppm analysis of nonvolatile components such as JP-8. Glass-wool can be placed in the vaporization chamber to protect the system from high salt levels; however, because of the design of the liquidinjection valve, extreme care must be taken when installing the glass-wool. Incorrect installation of glass-wool may damage the sample stem of the liquid injection valve. A linearity check for ethylene glycol is shown in Fig. 15 . This curve is only linear over a short range (25 -100 ppm)because of degradation of ethylene glycol in the chromatograph. Linearity checks for JP-4 and JP-8 were not performed, and information on the levels of these components should be obtained from the visual inspection of chromatograms.
ALARMS
The water analyzer system contains the provisions for alarms. These alarms can be triggered from either the levels of organics contained in a sample or the failure of the instrument. These alarms will output a dry contact closure. The alarms levels should be set at completion of the installation at AEDC.
SBIR START UP
The following is a list of observations made during the installation and start-up procedures for the Siemens P101 Process Gas Chromatograph and SiCHROMAT 1-4 at AEDC.
1. A complete written checklist detailing requirements of the installation should be distributed to the appropriate personnel involved in the site preparation. This list should include not only the electrical, sample, and AEDC-TR-92-8 gas requirements, but also extend to the training and personnel to be involved with the installation and operation of the instrument(s). This checklist should be completed prior to the manufacturer's personnel arriving on site.
2.
Most instruments of this nature are used to identify specific contaminants as opposed to fuels. That is to say, a fuel such as JP-4 would be injected into the instrument and analyzed for its various chemical components. With the P101, water is injected to identify four different components by virtue of their individual "fingerprints," based on what will mix or dissolve into the water.
3. Although the manufacturer provides detailed written materials on each analyzer, a summary description of their operation (Appendix A) should be created for each custom installation. The advantage of providing this material is a discussion of the specific application and a "quick" reference for the customer.
4. A daily, weekly, and/or monthly maintenance checklist should be provided to the customer for each installation (Appendix B). This list would give the customer the benefit of keeping the instrument(s) in top operating condition based on our experience with the instrument(s).
CONCLUSIONS
An automatic water analyzer system for determination of organic pollutants has been developed. The system can analyze volatile organic components at pph levels with a minimum of operational maintenance. This analysis can be completed in less than 10 rain; however, the information obtained in this mode is minimal. Using a 25-min analysis sequence, high-resolution information can be obtained for 17 individual chemicals.
The system also contains a GC for the analysis of nonvolatile components such as JP-4 and JP-8 using direct water injections. This system, which is not as rugged as the volatiles system, is able to analyze for chemicals that are difficult to detect using commercially available techniques.
The water analyzer delivered to AEDC is an integration of the two gas chromatographs. The system will transmit alarms at predetermined component threshold levels and will become an important part of the pollution control technology at the AEDC. Hopefully, by using continuous water analyzing technology the AEDC will be able to rapidly discover and eliminate pollution emission sources.
RECOMMENDATIONS
It is important to the start-up and the ongoing operation of the water analyzer that an "expert" trained by ES Industries be available at the AEDC. In addition, the plant operators should be trained and have a basic understanding of the operation of the water analyzer. Once the detector has been ignited place or leave the instrument in operating mode 31 (as described above} for twelve to twenty four hours to equilibrate.
If it has only been shut down for a few hours let it equilibrate for three or four hours, or until the baseline is steady.
When the instrument has equilibrated you may either begin injecting a sample or perform a calibration.
CALIBRATION
It is recommended that a standard be made for each contaminant of interest (ethylene glycol, 3P-4, JP-8, or "heavy oilS}. Therefore this instrument will require four separate standards each in it's own one gallon glass container.
The standard should be fresh (less than four hours old} and kept sealed and cool until ready for use. Just prior to using it should be well mixed in order to simulate the sample that would normally be introduced to the instrument.
On the left side of the rack (as you face the rack}, towards the back, are two 1/8 inch plastic tubes. The one that is on the fourth fitting up from the bottom is marked "Standard Plel" (refer to drawing f B15e0e12); it and the plastic tube coming from the liquid injection valve (going to the drain} should be placed tnto the bottle containing the standard; turn the valve marked "Sample/Standard" to "standard". This will give you a closed system and recirculate the standard. If you did not have to enter new values, or you are satisfied the system is calibrated, turn off the pump "CB4", return the plastic tube from the sample valve to the drain, switch the "Sample/Standard" valve to "sample" and turn on the pump again.
After one or two injections the system should be back to normal. Set the volt meter to VDC and place the "common" lead from the volt meter into the top right receptacle; place the "positive" lead from the volt meter into the top middle receptacle.
INJECTION
The volt meter should give a reading of 8.0 VDC, or 160°C for the detector (each volt is equal to 20°C). If it isn't correct, adjust it using the potenttometer to the right. Repeat this for the oven using the receptacles |ust below in the same manner. This time you should get a reading of 6.0 VDC, or 120°C. Pull the instrument out from the rack. On top, towards the left is a computer board with two receptacles marked ÷ and -. Place the leads from the volt meter In the respective receptacles and get a reading of -0.006 VDC. This reading may be adjusted using a small screwdriver on the potentiometer on this card.
Unless there has been a major change to the operating parameters of the instrument, once the above settings are made, they should never have to be adjusted.
But it doesn't do any harm to periodically check them (once a year),
or If there are problems with the instrument.
If any changes had to be made to the temperatures you mUST give the instrument a chance to equilibrate. If they were minor changes, say 3/10 of a volt or less, an hour will be more than sufficient, however anything greater than that and several hours or over night would be recommended.
Assuming all temperatures
and pressures are correct, the instrument has had sufficient time to equilibrate, and it Is calibrated for all components of interest, make sure there is sample flowing to the sample valve by checking that the "Sample/Standard" valve is in the "Sample" position, pump #3 is on ("CB4") and the flow meter 01 on the front is adjusted to 4 Liters per hour. next to which Is a white switch used to turn the oven fan on and off. The main power switch also controls the power tc the control cabinet.
Before supplying power to the instrument, It Is imperative ~hat you provide the gases (helium, hydrogen, and air) to the analyzer at the correct pressures as described In the most current documentation provided.
Main power Is provided through the electrical panel located In the back of the rack using breaker "CB5" (refer to drawing e B2500020}; place both switches tn the on (up) position.
Return to the front of the g.c. and press the green button switch.
At the same time turn on the oven fan by pressing the white button switch.
The control cabinet contains a small CRT; after power has been initiated to the analyzer and the computer has performed it's self-check a logo will appear on the screen.
The computer will have already been pre-programmed with two methods, however it wtll be necessary for you to tell It which of the two programs you wish to operate.
At the top of the controller, to the right of the CRT ts a button labeled "CONFIGURATION", press this key. The screen will now display a message; at the bottom of the screen you wtll see the definition of four "soft" keys (located under the screen), enter the one for "no change". Now press the key labeled "NETHOD" to display the method directory. In the upper right corner of the screen you will see the "active method" fmost likely e 1), below you will see all the methods available.
Hethod I is the short (10 minute) method developed for the "normal" operation of this instrument, while method 2 is a longer (21.5 minute) temperature controlled program designed to be used when you want more definitive answers to a contamination problem.
To select between the two programs, press the soft key labeled "load", the number of the program you wish to run, and the "enter" key. It will also be necessary to turn on the heat to the oven, detector and the injector. This is accomplished by pressing the appropriate key (located in the bottom section of the control panel to the left of the numerical key pad), then pressing the soft key labeled "heating on/off". (eg. To turn on (or off) the heat to the detector, press the key labeled "detector" on the control panel.
When the CRT displays the detector screen press the soft key labeled "heating on/off", and the screen will display the appropriate action. I and (3} turn the valve labeled "Sample/Calibration" to "Calibration"; (4) turn the valve labeled "Standard/Blank" to "Standard";
and (9) turn the valve labeled "Stripper 1/Stripper 2" to "Stripper l". Now turn on the white rocker switch on the right {you. should be able to hear the pump on the right come on).
At this point the standard should begin to replace any water in the front right stripping vessel and you should see gas bubbling through the water.
Do not shut this off during the calibration. 
